Abstract: We report the first experimental observation of the Imbert-Fedorov shift via weak value amplification. The behavior of a bounded beam of light in reflection differs from that exhibited by plane waves, the latter being ruled by geometrical optics. For finite-diameter light beams, diffractive corrections occur that shift the beam in directions parallel and perpendicular to the plane of incidence. The parallel shift is known as the Goos-Hänchen shift [1] and the perpendicular one is the Imbert-Fedorov (IF) shift [2, 3] . These deviations from geometrical optics predictions can be either spatial or angular.
We measure the weak value of the polarization of a light beam. We pre-select the polarization of a Gaussian beam that undergoes TIR. The IF shift acts as the weak measuring effect, and an analyzer post-selects the final polarization state. As a consequence of this, the displacement of the beam centroid on a position sensitive detector following the analyzer is a faithful amplification of the IF effect. Figure 3 shows our experimental data (full dots). In this set of measurements the amplification factor is 445. The experimental data (dots) reported in the graph are our measurements divided by this amplification factor. The line in the graph correspond to the spatial IF shifts of a +45 • linearly polarized beam with respect to a −45 • linearly polarized beam in TIR. The agreement in between theory and experiment is excellent. This is the most important experimental result reported here because it proves that weak measurements allows to observe also the linearly polarized dependent part of the IF shift.
We amplify also the spatial IF shifts for the circular ± polarized Gaussian beam. These two shifts have equal magnitude and opposite sign. Again the amplification factor is 445, and experimental data are compared with theoretical predictions with the same procedure used for figure 3. The graph in figure 4 confirms that weak measurements provide a faithful amplification of the IF effect because experimental data and theoretical predictions have the same trend. We observe a discrepancy in the exact magnitude between data and theoretical predictions that it is still acceptable. The theory that we use for fitting does not contain free parameters and observations of optical beam shifts are delicate experiments. In conclusion we have observed the IF shift using weak measurements in close analogy with the original AAV proposal. We have shown that our approach allows for measuring both the IF effect that it is diagonal in the circular ± polarization basis, that the one diagonal in the ±45 • linear polarization basis.
Our paper evidences the advantages of weak measurement as an amplification scheme. While measuring spatial beam shifts of tens or hundreds of nanometers is in general a challenging task, measuring amplified light beam shifts of tens or hundreds of microns is quite easy. Weak value measurement techniques such as the one described here amplify the signal but not the technical noise (thermal, electrical, vibrational, etc.) so annoying at the nanometer scale. The experimental approach, presented here, discriminates in between two different physical contributions to the IF effect showing a remarkable sensitivity of the weak amplification scheme in post-selection.
